The reconsolidation hypothesis states that a consolidated memory could again become unstable and susceptible to facilitation or impairment for a discrete period of time after a reminder presentation. The phenomenon has been demonstrated in very diverse species and types of memory, including the human procedural memory of a motor skill task but not the human declarative one. Here we provide evidence for both consolidation and reconsolidation in a paired-associate learning (i.e., learning an association between a cue syllable and the respective response syllable). Subjects were given two training sessions with a 24-h interval on distinct verbal material, and afterward, they received at testing two successive retrievals corresponding to the first and second learning, respectively. Two main results are noted. First, the first acquired memory was impaired when a reminder was presented 5 min before the second training (reconsolidation), and also when the second training was given 5 min instead of 24 h after the first one (consolidation). Second, the first retrieval proved to influence negatively on the later one (the retrieval-induced forgetting [RIF] effect), and we used the absence of this RIF effect as a very indicator of the target memory impairment. We consider the demonstration of reconsolidation in human declarative memory as backing the universality of this phenomenon and having potential clinical relevance. On the other hand, we discuss the possibility of using the human declarative memory as a model to address several key topics of the reconsolidation hypothesis.
The reconsolidation hypothesis states that a consolidated memory could again become susceptible to facilitation or impairment for a discrete period of time after retrieval (Nader et al. 2000a; Sara 2000a) . It was initially supported by results obtained with rodents and then confirmed with animals belonging to very different species, such as the crab, chick, fish, and freshwater snail (Anokhin et al. 2002; Eisenberg et al. 2003; Pedreira and Maldonado 2003; Sangha et al. 2003) . The range was extended to humans, including the procedural memory of a motor skill task (Walker et al. 2003) ; however, the reconsolidation hypothesis has not yet been demonstrated for the declarative memory. This demonstration would substantially back the universality of the phenomenon, but what is more, would open the possibility of discussing the reconsolidation hypothesis from the viewpoint of the declarative memory, that is, from a type of memory that is the hallmark of man (Dudai 2002) . Contentious or still conjectural topics of the reconsolidation hypothesis such as its functionality Debiec et al. 2006; Sara and Hars 2006) , or the reminder's requirements (Pedreira et al. 2004) , would surely gain a new perspective of analysis.
In most of the precedent studies with diverse animal species, memory reconsolidation is demonstrated by the amnesic effects induced by the administration of blockers, such as the protein synthesis inhibitors or ␤-blockers (Przybyslawski et al. 1999; Nader et al. 2000a) , or also by the learning of a new memory (Walker et al. 2003; Boccia et al. 2005) , after the presentation of a reminder. The current method to demonstrate such amnesic effects is by disclosing at testing a defective retrieval of the target memory. The common sense of William James had already pointed to the fact that the way to study memory is through its retrieval, saying that the only proof of its retention is that it can be recalled (James 1890; Sara and Hars 2006) . However, this direct method of evaluation may be sometimes misleading or inapplicable, mainly when the declarative memory is involved. In fact, memories are not stored in isolation from other memories but integrated into complex associative networks (Levy and Anderson 2002; Berman et al. 2003; Debiec et al. 2006) , and then the activation of related traces may interfere with the expression of the desired retrieval, as has been documented over a century of research (McGeoch 1932; Postman 1971; Anderson and Neely 1996) . In other words, a faulty retrieval at testing may be due to either problems in encoding storage or simultaneous retrieval of related information (Mayes and Downes 1997) , and then this lack of specificity robs this direct method of its value to disclose deficits in memory.
In the present study, we are proposing an alternative method, based on the forgetting effect that the retrieval of the target memory could have on the recall of related memories. This effect, termed retrieval-induced forgetting (RIF) (Anderson et al. 1994; MacLeod and Macrae 2001) , shows that the act of remembering can temporarily block a late retrieval of other memory, or more specifically, the expression of its retrieval. For this effect to be possible, the inducing memory must be intact, and therefore, the absence of RIF might become a good indicator of a defective target memory. That is, we are proposing that memory deficits were not revealed by the flaw of its own retrieval but by the good retrieval of a related memory.
Here we demonstrate consolidation and reconsolidation in paired-associate learning (i.e., an association between a cue syllable and the respective response syllable). Subjects were given two training sessions, with an interval of 24 h, during which they learned two distinct verbal materials. Afterward, they received at testing two successive retrievals: the first one corresponding to the first learning, and the second retrieval to the second one. The first memory was impaired when the second learning occurred immediately after the first one (consolidation) or up to 6 h after the reminder presentation (reconsolidation). In both cases, the memory impairment was disclosed not because the first retrieval was faulty but because there was no RIF (Levy and Anderson 2002) .
Results
The paired-associate memory This first section of results deals with paired-associate learning experiments (i.e., an association between a cue syllable and the respective response syllable).
An analysis of the interaction between retrievals at testing: The L2-training given 24 h after L1-training fails to impair consolidation
In the first experiment subjects were trained on day 1 with L1 and on day 2 with L2, to be finally tested on Day 3, either with L1-testing (TL1) followed by L2-testing (TL2) or the other way around (Fig. 1) . The purpose of this experiment was focused on the study of possible interferences between L1 and L2 retrievals at testing session and on evaluating their use as a method to disclose deficits in the L1 memory, i.e., the memory acquired during the first training with L1 (for term definitions, see Table 1 ).
The expression of the L1-retrieval at the first phase of testing is reduced by the interference of simultaneous recruitment of items from the L2 memory and/or by a loss of the L1-memory impairment
Results shown in Figure 1 (right panels) correspond to six retrievals at the testing session of the respective groups A, B, L1-CTL, and L2-CTL, analysis of variance (ANOVA); F (5,54) = 10.546, P < 0.001. If the analysis is confined to phase 1 of groups A and B, we find that the L1-retrieval at phase 1 (group A) had a number of errors significantly higher than that of the respective control L1-CTL (P < 0.001), whereas the performance for the L2-retrieval at phase 1 (group B) proved to be as good as that for the L2-CTL (P = 0.546). The poor performance during the L1-retrieval at phase 1 could be explained in terms of an interference from retrieval of L2 on the expression of the L1-retrieval (L2 → L1), namely, the retrieval of the L1-memory simultaneously recruits items from the L2-memory and these items interfere with the expression of the L1-retrieval (retrieval interference) (McGeoch 1932) . On the other hand, the good performance during the L2-retrieval at phase 1 indicates absence of interference in the opposite direction (L1 → L2). This disparity is attributed to a difference between the memory strength for L1 and that for L2, due to the fact that the former was acquired 48 h and the latter 24 h before the test session (Ebbinghaus 1885; Wixted and Ebbesen 1997) . Therefore, the strongest memory interferes with the retrieval of the weaker one but not vice versa.
However, an alternative explanation of the poor performance of L1-retrieval at testing could be offered. The poor expression of the L1-retrieval at first phase of testing may be due not only to the simultaneous recruitment of the L2 memory but also (and/or) by a loss of the L1-memory, that is, by an impairment of the L1-memory consolidation because of the second training with L2.
The expression of the L2-retrieval at phase 2 of testing is negatively influenced by the previous L1-retrieval at phase 1 If the analysis of results from Experiment 1 (Fig. 1 ) is now confined to those of the L2-retrieval, we find a faultless expression of L2-retrieval at phase 1 (group B) but a poor one at phase 2 (group A), in comparison with L2-CTL (P = 0.516 and P < 0.001, respectively). This difference indicates that regardless of whether the retrieval of a memory is preceded by that of a related memory, the first retrieval influences negatively the expression of the second one, which represents an instance of RIF (Anderson et al. 1994; Levy and Anderson 2002) . Since this effect depends on the integrity of the memory first recalled (Anderson et al. 1994) , the result indicates that the L1 memory is intact, although its expression was reduced by the interference of the simultaneous retrieval of L2 memory. Therefore, we conclude that the second training given 24 h after the first one does not impair the consolidation of the L1-memory.
The absence of the RIF effect is a specific indicator of deficits in the target memory
The preceding analysis of results was based on the postulation that the L1-retrieval at the first phase of testing not only interferes with its own expression due to the simultaneous recruitment of L2 items, but it also interferes, provided that the L1-memory was intact, with the expression of the later L2-retrieval (RIF effect). In the cases of L1-memory impairment, as is expected to be found in the following series of experiments aimed at studying impairments of L1-memory consolidation and reconsolidation, a double effect should be expected: (1) a defective expression of the L1-retrieval at phase 1 and (2) a reduction or elimination of the RIF. The first effect cannot be distinguished from that of the interference due to the simultaneous recruitment of L2 items, whereas the second one specifically reveals memory impairment. That is, a poor performance for L1-retrieval at testing may be interpreted as loss of L1-memory and/ or interference with its own expression by simultaneous recall of L2 items; instead, the absence of RIF is only regarded as an expression of deficits in the L1-memory. Namely, the absence of RIF, but not the failure of L1-retrieval, is specific of L1-memory impairment. Keeping in mind the above considerations, results of the next series of experiments will be evaluated by the RIF effect from the L1-retrieval at phase 1 on the expression of L2-retrieval at phase 2. A number of errors for L2-retrieval at phase 2 (panel A) higher than that of the L2-CTL would indicate no impairment Figure 1 . Analysis of interaction between retrievals at testing. (Left) Groups (n = 10): L1-CTL, L1-control; L2-CTL, L2-control; A, Group A, B, Group B; L1, L1-training; L2, L2-training; TL1, L1-testing; TL2, L2-testing; 5m, the 5-min interval between testings. Phase 1, the first list tested (TL1 or TL2); Phase 2, the second list tested (TL1 or TL2). L1-CTL and L2-CTL were evaluated on Day 3 with TL1 or TL2, respectively. Group A was evaluated with TL1 on phase 1 and TL2 on phase 2; Group B was evaluated with TL2 on phase 1 and TL1 on phase 2. (Right) Mean of total errors ‫ע‬ SEM on Day 3. Black bars, TL1 performance; white bars, TL2 performance. ***, P < 0.001. of the L1-memory. In contrast, a performance for L2-retrieval at phase 2 similar to that of the L2-CTL would indicate a deficit of the L1-memory.
The L2-training given 5 min after L1-training impairs consolidation of L1-memory
The purpose of the next experiment was to explore whether the consolidation of the target memory (the L1-memory) could be affected by giving the L2-training on Day 1 immediately after the L1-training. Therefore, the protocol of this experiment (Fig. 2 ) was similar to above except for the interval between trainings, which in this case was only 5 min. Results of the testing session on Day 3 are exhibited in Figure 2 (right panels) (ANOVA, F (5,54) = 11.5, P < 0.001). The analysis of data corresponding to group A discloses a significant difference between mean errors of L1-retrieval at phase 1 and that of the L1-CTL (P < 0.002) but not between L2-retrieval at phase 2 and the L2-CTL (P = 0.323). This picture of results is indicative of an absent or insufficient RIF effect as a consequence of deficits in the L1-memory. On the other hand, the mean errors of L2-retrieval at phase 1 (group B) was similar to that of L2-CTL (P = 0.710), a result that was expected since the impairment of L1-memory rules out the possibility of an interference from the L1-retrieval (ANOVA, F (5,54) = 5.091, P < 0.001).
In summary, the L2-training given 5 min after the L1-training, impairs the consolidation of the memory previously acquired. The deficit of L1-memory consolidation is specifically disclosed by the absence or reduction of the RIF effect.
Study of the effect of L2-training given at diverse intervals after reminder on reconsolidation of L1-memory
The following experiments were aimed at testing the reconsolidation phenomenon (Fig. 3) . In Experiment 1, subjects were trained with L1 on Day 1 and with L2 on Day 2, 5 min after the reminder presentation. The reminder trial included the specific context of L1-training plus the presentation of one cue syllable, which was abruptly interrupted after 2 sec of exposure, thus not allowing the subject to write down the response syllable. Results of test session on Day 3 (ANOVA, F (5,54) = 10.546, P < 0.001) were closely similar to those obtained above as to memory consolidation. The analysis of data of group A reveals a significant difference between mean errors of L1-retrieval at phase 1 and that of the L1-CTL (P < 0.001) but not between L2-retrieval at phase 2 and the L2-CTL (P = 0.255). This picture of results is indicative of an absent or insufficient RIF effect as a consequence of deficits in L1-memory. On the other hand, results in group B repeat those obtained throughout this paper, namely, the mean errors of L2-retrieval at phase 2 were as that of the L2-CTL (P = 0.568) and the performance of L1-retrieval at phase 2 was higher than that of the L1-CTL (P < 0.001).
The remaining two experiments of this series were carried out with the goal of pointing out the time window of the L1-memory reconsolidation. The results obtained with L2-training given 6 h after reminder (Fig. 3 , Experiment 2) (ANOVA, F (5,54) = 13.038, P < 0.001) showed a significance difference (P < 0.002) for L1-retrieval at phase 1 vs. L1-CTL, and no difference (P = 0.214) for L2-retrieval at phase 2 vs. L2-CTL. These findings were similar to those obtained with L2-training tested 5 min after reminder (Fig. 3 , Experiment 1), disclosing no RIF effect and then a weakened L1-memory. Instead, results with the L2-training given 10 h after reminder (Fig. 3 , Experiment 3), showed a significant difference for L1-retrieval at phase 1 vs. L1-CTL (P < 0.001), and also for L2-retrieval at phase 2 vs. L2-CTL (P < 0.004), indicating an RIF effect and L1-memory intact.
Therefore, the L2-training given 5 min or 6 h after present- 
Retrieval-induced forgetting (RIF)
Refers to the phenomenon in which the act of remembering some material disrupts temporally the retrieval expression of related material (Anderson et al. 1994 ).
Retrieval interference
Refers to the phenomenon in which the act of remembering some material recruits simultaneously items from related material producing an impairment in the expression of the desired retrieval (McGeoch 1932 Period of the test session where one of the two lists (L1 or L2) is retrieved 5 min after phase 1.
L1-retrieval
Retrieval of the prediction and paired-associated memory corresponding to the L1 memory.
L2-retrieval
Retrieval of the prediction and paired-associated memory corresponding to the L2 memory. Group A (A) Experimental groups that are tested for L1 in phase 1 and for L2 in phase 2. Group B (B) Experimental groups that are tested for L2 in phase 1 and for L1 in phase 2. L1-CTL (or L1-control) Control group that is only trained and tested with L1 and TL1, respectively. L2-CTL (or L2 control) Control group that is only trained and tested with L2 and TL2, respectively.
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www.learnmem.org ing the reminder impairs the memory of L1 acquired 24 h before. On the contrary, the same training given 10 h after the reminder leaves the first memory intact, suggesting a period of reconsolidation longer than 6 h and shorter than 10. This period appears longer than that generally estimated for consolidation but the comparison is not possible here since we have not investigated the temporal window for consolidation. The deficit of L1-memory in the two former experiments is specifically disclosed by the absence or reduction of the RIF effect.
The impairing effect of the L2-training on the target memory reconsolidation lasts at least for 48 h
In order to test the disruptive effect on memory reconsolidation, 48 h after the L2-training, the following two experiments were performed (Fig. 4) . The protocol of Experiment 1 with groups A, L1- F (3,36) = 10.355, P < 0.001, was similar to the one shown above in Figure 1 ; however, the test session was carried out 72 h rather than 48 h after L1-training. Results of group A (Fig. 4, Experiment 1) again show a RIF effect since the number of errors for L1-retrieval at phase 1 and L2-retrieval at phase 2 were higher than those of their respective control groups, L1-CTL (P < 0.001) and L2-CTL (P < 0.002). Thus, the RIF is disclosed at a test session carried out 72 h after the first training which denotes an enduring L1-memory.
The protocol of Experiment 2 (Fig. 4) includes group A, L1-CTL, and L2-CTL and a reminder placed 5 min before the L2-training. The pattern of results, (ANOVA, F (3,36) = 3.869, P < 0.017) proved to be closely similar to that of Figure 3 , Experiment 1, since the mean error of L2-retrieval at phase 2 was similar to that of the L2CTL (P = 0.153), whereas that of L1-retrieval at phase 1 resulted higher than the mean error of the respective L1-CTL (P < 0.001). Therefore, the absence of RIF is shown not only at the test session given at 48 h, but also 72 h after the first training. This lasting absence of RIF effect discloses an enduring deficiency in the L1-memory, namely, the demonstration that the disrupting effect on the memory reconsolidation persists no only for 24 h, but for 48 h after post-reminder L2-training.
The impact of the context period on the paired-associate learning and the uniformity of trainings
The control groups, L1-CTL and L2-CTL, evidenced very good retention of the paired-associate memory up to at least 4 d after the verbal material was acquired. The range of mean errors per retrieval was between 0.8 and 1.0 out of 20. We attempt here to determine to what extent the inclusion of a period of context formation before syllables presentation could have improved the performance of the subjects. A first group of 10 subjects (the context group) was given 10 L1-actual trials, each with 20 sec of context period (red light + New York City + jazz) followed by the syllables period, and separated by a 3-sec intertrial interval. A second group of 10 subjects (the no-context group) started the syllables period 20 sec after the beginning of the trial but with no context formation; therefore, they were illuminated only from the keyboard lamp during the entire trial. Although both groups were given Figure 1 ; 6h, the 6 h between the reminder trial and the L2 training; 5m, the 5 min between testings; R, as in Experiment 1. (Right) Mean of total errors ‫ע‬ SEM on Day 3. **, P < 0.01. (Experiment 3) (Left) Groups (n = 10): controls, A, B, L1, L2, TL1, TL2, Phase 1, and Phase 2, as in Figure  1 ; 10h, the 10 h between the reminder trial and the L2 training; 5m and R, as in Experiment 1. (Right) Mean of total errors ‫ע‬ SEM on Day 3. **, P < 0.01; ***, P < 0.001.
the same paired-associate training (i.e., the same pairs of cue syllable and response syllable), there was a significant difference in the number of response errors at L1-testing between both groups (ANOVA, F (1,18) = 6.015, P = 0.027) (Fig. 5A) . Moreover, we try to explore the degree of uniformity of the performances at paired-associate trainings throughout the experiments of this study. For this purpose, we compare the mean errors for the last four actual trials of the training tail (Fig. 5B) corresponding to the control groups of the seven experiments (L1-CTL and L2-CTL). An ANOVA of these values across experiments and type of training (L1, L2), indicated that there was no experiment or type of training effect or interaction (P = 0.961, 0766, and 0.998, respectively). That is, there was a noticeable uniformity in the acquisition course of the paired-associate memory through experiments and type of training.
The prediction memory
Over training, subjects learn to identify the specific context, namely, the only light-image-sound sequence that is followed by the syllables display. The level of the prediction memory was assessed by the number of proper responses in pressing the expectancy keys (YES or NO) in both actual and fake trials. We compare the learning curves of prediction with those of learning to respond to a cue syllable. In Figure 5B , we show this contrast for the L1-training of the experiment shown above in Figure 1 . The successive regression analysis (Lozada et al. 1990 ) revealed different values for both asymptote and slope for either the prediction or the paired-associate learning (asymptotic trial: 8 and 21, respectively; slope value: ‫768.21מ‬ and ‫,898.4מ‬ respectively). This result is consequently shown for all the 38 training curves of the paper.
The mean of accumulative errors corresponding to either the training tail or the retrieval (four actual trials + eight fake trials) is practically equal to zero for the prediction memory throughout this paper. In short, subjects learn quickly to distinguish the specific context and predict the immediate appearance of the syllables, as well as to retrieve practically without errors the response syllables, even in those experiments that included memory impairments.
Discussion
The main finding of this study is the demonstration, in humans, that previously consolidated declarative memory returns to a labile state and becomes subject to stabilization again. This process of labilization-reconsolidation is triggered by the presentation of a reminder and characterized by the possibility that a second training can impair the declarative memory within a time window.
The demonstration backs the universality of the reconsolidation phenomenon, which is consistent with the idea that general principles of memory organization, as well as basic components of the mechanisms serving memory, would be used across evolution by phylogenetically very disparate animals (Carew 2000; Pedreira and Maldonado 2003) . Moreover, the conclusion that a consolidated declarative memory can be actually disrupted after a reminder has potential clinical relevance as has been suggested several times (Bustos et al. 2006; Debiec et al. 2006; Foa 2006) . In order to analyze how the reminder triggers reconsolidation, it seems pertinent to deal separately with the two mnemic processes that are involved in the present study: the pairedassociate memory, and the one we term the prediction memory. The reminder of the former memory consisted of the presentation of the L1 context (red light + New York City + jazz) and immediately then, one cue syllable on the left side of the monitor's screen and the response box on the right. However, 2 sec later the trial was abruptly interrupted. All the contextual parameters and the cue syllable vanished and only the notice on the monitor's screen announcing the unexpected end of the trial remained. Thus, the reminder included also in this case what we consider the double requirement for producing the memory labilization and its following reconsolidation; namely, the initial retrieval of the target memory by presenting the cue syllable and the termination of the reminder without the appearance of the correct response syllable (Pedreira et al. 2004 ). The memory retrieved by the cue syllable implies, as every memory, an expectation (Dudai 2002) , specifically, the subject here expects the reinforcement of the correct response syllable. Therefore, the reminder closure marks the irreversible mismatch between what was expected and what actually occurred. In this framework, we discuss the possible functionality of the reconsolidation process as an answer to such "frustration." A wide range of memory flaws could account for a failed prediction, ranging from outdated to faulty or incomplete information. Therefore, it seems reasonable to suppose (Nader et al. 2000b; Sara 2000b ) that labilizationreconsolidation plays a repair role by enabling the system to integrate new information on the background of the past. This memory updating mechanism would not entail an obligatory phase of every retrieved memory but a mechanism of exception, triggered only if the presentation of the unreinforced reminder was terminated and if its duration was sufficiently short (Pedreira et al. 2004) . The demonstration that the process of memory reconsolidation also occurs with declarative memory in humans offers the remarkable opportunity of testing straightforwardly the role of this process and its functional value. Experiments may be performed aimed at testing that the reminder necessarily includes an episode of frustration, and also, that the updating of information occurs during the reconsolidation period but not when the memory is stable again. However, although results of the present experiments as well as others performed with other animals (Pedreira et al. 2002; Debiec and LeDoux 2004; Suzuki et al. 2004 ) suggest that reconsolidation is engaged when unexpected events occur, it is pertinent to note that demonstrations of reconsolidation have also been shown using the identical stimuli as was employed during training (Duvarci and Nader 2004; Eisenberg and Dudai 2004) .
The reconsolidation of the paired-associate memory was interrupted by the learning of other verbal material (Müller and Pilzecker 1900) . The use of a training session as an amnesic agent, instead of some invasive agents such as chemical blockers or physical interferences, has the advantage of being free of undesirable metabolic side effects or physical perturbations. Moreover, although both trainings were given to acquire different verbal materials, they share several parameters of the experimental context as well as the pattern of syllables presentation, thus involving clearly related memories. This gave the possibility of disclosing retrieval interferences during testing and allowed to use the effect of the RIF as a measure of a deficit in the target memory. The RIF effect was detected in all the experiments of this study except in those that included memory impairments. The memory impairment is not disclosed by failures of its own retrieval but the faultlessness in the retrieval of a related memory. Thus, the absence or defect of RIF, from L1-retrieval on the later L2-retrieval, proved to be an indicator of an impairment of the paired-associate memory. A study that takes into account the retrieval interaction and evaluates through them the deficits in memory storage, seems to be more in keeping with the view that memories are not stored in isolation of other memories but integrated into complex networks (Levy and Anderson 2002; Berman et al. 2003; Debiec et al. 2006 ), a proposal especially valid in the case of the human declarative memory. Thus, the RIF effect has been used throughout this paper for testing long-term memory and post-reactivation long-term memory, but if it is used at a very short time after learning it will allow us to study intriguing questions of the reconsolidation theory as to how long the memory remains labile but intact after reactivation (Pedreira et al. 2004) , and also to test the specificity of the RIF effect (Nader et al. 2000a ).
In contrast with what has just been shown, the association between the specific context and the following display of the cue syllables (the prediction memory) was never disrupted by the second training. The prediction memory level was assessed by the number of incorrect responses in pressing the expectancy keys in all of the trials (actual and fake trials). The learning curves fell abruptly, and subjects showed no mistakes after seven to eight trials. At test sessions, all the subjects demonstrated near 100% of correct responses, and no statistical differences were disclosed for any comparison between groups. Thus, the blockade of the consolidation (or reconsolidation) by a second training is found for paired-associate memory but not for the prediction one. This contrast could be explained by the difference in number of trials between prediction and paired-associate learning (10 and 32 trials, respectively), or by the difference in complexity between them, which makes one memory weaker than the other. Alternatively, another account may be offered, at least concerning reconsolidation, based on the hypothesis that for this to take place, the predicted reinforcement should not be delivered during the entire reminder presentation (Pedreira et al. 2004 ). According to the experimental protocol, however, the reminder trial ends after a 2-sec exposure of the cue syllable. Thus, for the paired-associate memory, the promised reinforcement failed to occur, while for the prediction memory, it was fulfilled. Therefore, the same reminder fails to produce reconsolidation if the recalled memory includes promises that are fulfilled, and triggers reconsolidation if it includes predictions that fail.
At this juncture, we would like to note two new perspectives opened by the present results. First, it is of great value from a clinical point of view, that a traumatic or pathogenic memory could be reactivated by selective reminders and disrupted not only by a pharmacological agent but also by other learning (Bustos et al. 2006; Debiec et al. 2006; Foa 2006) . Second, the possibility is very promising for future reconsolidation studies of using the human declarative memory as a model to address contentious or still conjectural topics about reconsolidation, such as its functionality (Frenkel et al. 2005; Debiec et al. 2006) or its role in updating information (Sara and Hars 2006) . It is pertinent to add that in a recent work, published when the present manuscript was under revision, it was reported that human episodic memories can undergo reconsolidation (Hupbach et al. 2007) ; however, the omission of the RIF analysis deprives this work of relevant information that would allow discarding alternative explanations for the reminder effect. 
Materials and Methods Subjects
Two-hundred-eighty healthy undergraduate and graduate students from Buenos Aires University volunteered for the study (60% women, 40% men). Before their participation in the experiment, subjects signed an informed consent approved by the Comité independiente de Ética para Protocolos de Investigación (CEPI) Hospital Italiano de Buenos Aires. Their ages ranged from 18 to 35 yr, with a mean of 25. The participants were randomly assigned to one of 40 groups.
Procedure

Context formation and syllables presentation
Experiments took place in a dark room and were conducted using a personal computer. Each subject was provided with earphones, and seated in front of a monitor placed ahead of a large screen on the back wall (Fig. 6A) . Each training trial included a first period during which the context was formed (the context period), followed by a second one during which a series of nonsense syllables were presented as paired associates (the syllable period). The context period comprised a fix sequence of three accumulative steps: a first step of light alone projected on the large screen for 5 sec; a second step of light plus image for 5 sec, with the addition of an image displayed on the monitor's screen; and a third step of light plus image plus sound for 10 sec, with the addition of a sound coming through the earphones. The specific context persisted during the syllable presentation (Fig. 6B) . The syllable period that follows the former, started with the presentation of a cue syllable on the left side of the monitor's screen and an empty response box on the right. Each cue syllable was taken at random and successively from a list of five. Subjects were required to write down the corresponding response syllable before 5 sec. After finishing that period three situations were possible: first, if no syllable was written, the correct one was shown for 4 sec; second, if an incorrect syllable was written, it was replaced by the correct one and it was shown for 4 sec; and third, if the correct response was given, it stayed for a further 4 sec. Immediately after, another cue syllable was shown and the process was repeated until the list was over. All together, an actual trial lasted 65 sec (20 sec for the context period and 45 sec for the syllable presentation).
The L1-training session
A trial of the List 1 (L1)-training had the three steps of the context formation, each with two possible options: the light could be red or blue; the image, a picture of Ravello or one of New York City; the sound, a jazz song or an Italian one. Only one combination of these options (the specific context) was followed by the syllables presentation of List 1. The trial that includes specific context followed by the syllables presentation is termed the actual trial, while the others with only context (i.e., without syllables presentation) are called the fake trials. In L1-training, the specific context of the actual trial was: red light + picture of New York City + jazz melody.
The L1-training consisted of 10 actual trials interspersed with 22 fake trials (total: 32 trials), separated by a 3-sec intertrial interval. List 1 was constituted by five pairs of nonsense cueresponse syllables in rioplatense Spanish: ITE-OBN, ASP-UOD, FLI-AIO, NEB-FOT, COS-GLE (bold type: cue syllable; regular type: response syllable) (Fig. 6C) . Subjects that failed to reach 70% of correct responses during the last four actual trials were excluded.
To evaluate the prediction memory (the association between the specific context and the syllable presentation), subjects were instructed to press the YES or NO button (the expectancy keys) on the keyboard 3 sec after the last step of the light-image-sound sequence has started. The subject has to press YES if he thinks that the syllable presentation is to come about, NO in the opposite case.
The L2-training session
A trial of the L2-training had the three steps of the context formation, each with two possible options: the light could be green or yellow; the image, a picture of a forest or one of Waikiki beach; the sound, a symphony or a blues song. In the L2-training, the specific context of the actual trial was: green light + picture of the forest + symphony.
The L2-training consisted of 10 actual trials interspersed with 22 fake trials (total: 32 trials), separated by a 3 sec intertrial interval. List 2 was constituted by five pairs of nonsense cue-response syllables in rioplatense Spanish: OEN-SRO, DRI-CRE, AIC-POA, TIU-PLA, KEC-CLO (bold type: cue syllable; normal type, response syllable) (Fig. 6C) . Subjects that failed to reach 70% of correct responses during the last four actual trials were excluded.
To evaluate the prediction memory, subjects were instructed to press the YES or NO button, as above. An actual trial included a sequence of three accumulative steps termed the specific context: first step, light (color illumination of the large screen); second step, image (a picture on the monitor); third step, sound (music melody from earphones). Ten seconds after presentation of the sound, five pairs of cue-response syllables were presented successively and at random order (each pair consisted of two squares superimposed on the monitor's image: the left square was the cue box, which includes a nonsense syllable of three letters, and the right one, the empty response box, was where the subject was required to write down the corresponding syllable). Expectancy keys: Participants were told that as soon as the sound presentation was started they should press one of the two keys. "Yes," I expect the cue-response display comes: "No," I don't. (C) Lists: L1 and L2 differed each other in cue-response pairs as well as in color, light, image, and sound that precede them or those of the respective fake trials.
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Testing
The testing session consisted of two retrievals of verbal material presented in alternative order: TL1 corresponding to the first training (L1) followed by TL2 corresponding to the second training (L2) (groups A) or TL2 followed by TL1 (groups B). Each retrieval (TL1 or TL2) consisted of four actual trials of list L1 or list L2, respectively, interspersed with eight of the respective fake trials (total: 12 trials each). Thus, each retrieval had a distribution in number and types of trials similar to the last 12 trials of the respective training (termed the training tail). Subjects had to press the key YES or NO (once the last step of the context period was started).
Reminder
The reminder trial included the specific context of L1. Immediately after completing it, and as expected, a cue syllable appeared on the left side of the monitor's image and the response box on the right. However, 2 sec later a notice displayed on the monitor announced that the session has to being suspended, thus not allowing the subject to write down the response syllable in the box.
Demo
Before the training session, participants were confronted with a demo program to receive all the instructions and to understand the goal of the task. The program consisted of four trials, similar in structure to but with a context and two pairs of nonsense syllables different from those of L1-or L2-training.
Statistics
Results are reported as mean number of errors for each retrieval during test session. Data from each experiment were first analyzed with a one-way ANOVA with a number of levels equal to the number of retrievals. It was followed by a priori planned comparisons (FISHER, ␣ = 0.05) between the number of errors of L1-retrieval at phase 1 (or at phase2) of testing vs. the respective control L1CTL; and L2-retrieval at phase 2 (or phase 1) of testing vs. the respective control L2-CTL.
The choice of this statistical approach was on line with the purpose of evaluating the mutual influence at testing between the retrievals of two different verbal materials acquired under different training conditions. Consequently, the effect was properly revealed by contrasting the performance for L1-retrieval of a group that received both trainings with the performance of a control group that received only L1, and separately, by contrasting the performance for L2-retrieval of a group that received both trainings with a group that received only L2.
For training curves the analysis was conducted by using the method of successive regression (Lozada et al. 1990 ).
